U~ing the technique of lase:u ionization mass spectrometry, a study of multiphoton ionization~!) of atomic iodine and cesium iodide was conducted with a tunable dye laser. One of the objectives was to determine if this technique provides more selective ionization of the components of such a mixture than does conventional electron bombardment.
It was found that under intense photon irradiation, Csi fragments to I+ by a multistep process. The first step is dissociation of Csi which is followed by multiphoton ionization of the liberated atomic iodine.
Because of this mechanism, the atomic iodine in a Csi + I mixture with less than 10% iodine cannot be detected by MPI at the available photon wavelenths (2800 -3000 ~). However, operation at wavelengths which preclude dissociation of Csi should greatly improve the selectivity. 0 The cross section for two-photon excitation of iodine at 3047 A was ·-so 4 determined to be 4 x 10 ern -s.
1.
INTRODUCTION
An important aspect of the behavior of ~ission.products·in nuclear reactor~ fuel elements is the chemistry of cesit.nn and iodine. Because the ratio of the stable isotopes of cesit.nn to those of iodine produced by fission is ~ 10, thermodynamics predicts that essentially all of the iodine should Be in chemically combined form Csi(l). This species is nonvolatile and chemically nonagressive in the fuel. However, there is indirect evidence that elemental iodine may be released from irradiated fuel(Z). The actual chemical nature of iodine released from hot irradiated uranit.nn dioxide has profound consequences ·in a reactor accident involving severe core damage as well as in the tmderstanding and mitigation of the operational problem of failure of ~he Zircaloy cladding by fission product stress corrosion cracking. As a result, there is a great practical interest in a method of detecting Csi and atomic iodine· during fission product release tests on irradiated reactor fuel specimens. Because of the substantial dissociative ionization of Csi tmder electron bombardment, electron impact (EI) mass spectrometry may not be suitable for this application. The purpose of the present study was to investigate multiphoton ionization ~I) with a ttmable dye laser as a means of selectively ionizing Csi and I for subsequent mass analysis.
For the practical application discussed above, knowledge of the sensitivity and selectivity of the MPI technique compared to conventional EI mass spectrometry is desired. From a fundamental viewpoint, the study represents an application of multiphoton ionization to two species which have heretofore not been investigated. Although considerable work on molecular iodine has -1-appeared in the literature (3, 4) , nothing is known about :MPI of atomic iodine. Similarly, the only pertinent data on gaseous Csi is from a total optical absorption investigation reported by Davidovits and Brodhead(S).
Since the species of interest cannot be contained irt conventional optical cell, beams of atomic iodine and molecular Csi generated by high-temperature
Knudsen cells were crossed with the laser beam in the ionizer cage of a quadrupole mass spectrometer. The ions produces were collected and mass analyzed by the mass filter.
2. EXPERIMENTAL Figure 1 shows a schematic of the apparatus. The vacutn11 chamber housing the mass spectrometer is pumped by a well-trapped 1500 lit/s oil diffusion pump to a base pressure of 5 x 10-9 Torr. The mass spectrometer is tuned to different ions by using conventional electron impact ionization. The laser ionization tests are done with the same mass spectrometer settings.
Following the analyzer section, the mass spectrometer is equiped With an off-axis electron multiplier on one side and a Faraday cup on the other.
Either one of these detection methods can be employed by application of appropriate voltages to steer the analyzed ion beam to the desired location.
The magnitude of the current pulse produced by the electron multiplier is proportional to the number of ions created during the laser pulse interacting with the steady· neutral beam. The electron multiplier output is fed via a preamplifier and amplifier to a nrul tichannel analyzer. Hence the channel number in. which.the pulse is stored is proportional to the number of ions in the pulse. Calibration of the electron multiplier is accomplished byutilizing the Faraday cup and the· amplification train is calibrated by inserting a variable pulse height generator and a 1 ~tl resistance before the preamplifier. e volume o laser-neutra ~teract1ons 1s "' x an •
The maximum output power is 10 mJ, which corresponds to a photon flux of "' 5 x 10 28 an -2 s -l at 3000 j. The pulse width is 5 ns.
RESULTS

A. Atomic Iodine
The first allowed exicted state of the iodine atom is too far from the ground state (6.78 eV) to be populated by resonant absorption of a single photon from the laser used. In the present experiment, photon wavelengths around 2800 ~ and in the vicinity of 3000 ~ were used to reach states near the first allowed level by two-photon absorption. Atoms excited to these states were then ionized by a third photon before decaying to the ground state. 
DISCUSSION
A. Cross Section for Two-Photo Excitation of Iodine at 3047 j Multiphoton excitation can be described by rate equations provided that the sequence of transitions from the ground state to the ion exhibits successively increasing rates and the final step irreversibly removes the particle from the system(7). In the MPI process, the second condition is automatically satisfied by removal of ions. For the photon fluxes in the present experiments, the first condition is also met since the two-photon transition via a virtual state is nruch less probable than the single-photon transition wich produces the ion. The transition probability for an n-photon ., absorption step can be written as (8) : wCn) = 0 (n) In (1) where I is the photon flux (cm-2 s-1 ) and cr(n) is the nth order absorption . 2n n-1 cross sect1on (em -s ) . For example, Eq. 
where y is the probability per unit time of nonradiative relaxation of the excited state. Integrating Eq(2) yields:
By inserting Eq(4) into Eq(3) and integrating, the ionization rate can be obtained. However, for the laser intensities used in the present experiments the argument of the exponential term in Eq (4) is large, so the population of state 2 builds up rapidly and remains constant during most of the pulse.
In this case, the ionizat:ign...efficiency, defined .as the ratio of the number of ions: produced . . during the pulse to the ~r ... oLground state atoms .initially in the interaction volume, is given by:.
a(l)I+y (5) where , is the duration of the laser pulse. For high laser power -6-..
... where hv 1 is the energy of the photon. This step is followed by:
The magnitudes of the ionization efficiencies of I from Csi are 10 -13% of t~e efficiencies of producing I+ from I. The Csi dissociation probability '~ nD, which is the first step of the aoove mechanism, is thus equal to 0.13 at 0 0 3000 A and 0.1 at 2809 A. 
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ff" . ( Fig. 2 ) and n~0
47 is the Csi dissociation probability at the same wavelength.
When combined with mas·s analysis, nrultiphoton ionization has the potent'ial "
of providing a more highly selective means than electron impact ionization for detecting iodine atoms and cesium iodide in a mixture of these two vapors. A 2~----------~------------~-----------,----------- . '
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